Background Background There is evidence of an
There is evidence of an association between decreased bone association between decreased bone mineral density, schizophrenia, and mineral density, schizophrenia, and prolactin-raisingantipsychotic medication. prolactin-raisingantipsychotic medication. However, it is not known whether this is However, it is not known whether this is clinically significant. clinically significant.
Aims Aims To investigate whether patients
To investigate whether patients with a history of schizophrenia are at with a history of schizophrenia are at increased risk of hip fracture. increased risk of hip fracture.
Method Method In a case^control study,
In a case^control study, we compared cases of 'hip fracture' we compared cases of 'hip fracture' on the General Practice Research on the General Practice Research Database ( Database (n n¼16 341) with matched 16 341) with matched controls ( controls (n n¼29 889).
29 889).
Results
Results Hip fracture was associated Hip fracture was associated with schizophrenia (OR with schizophrenia (OR¼1.73; 95% CI 1.73; 95% CI 1.32^2.28), and prolactin-raising 1.32^2.28), and prolactin-raising antipsychotics (OR antipsychotics (OR¼2.6; 95% CI 2.432.6; 95% CI 2.432 .78), in the univariate analysis.In the 2.78), in the univariate analysis.In the multivariate analysis, prolactin-raising multivariate analysis, prolactin-raising antipsychotics were independently antipsychotics were independently associated with hip fracture but associated with hip fracture but schizophrenia was not. A significant schizophrenia was not. A significant interaction between gender and interaction between gender and antipsychotics was found in the association antipsychotics was found in the association with hip fracture ( with hip fracture (P P¼0.042); OR 0.042); OR¼2.12 2.12 (95% CI1.73^2.59) for men,OR (95% CI1.73^2.59) for men,OR¼1.93 (95% 1.93 (95% CI1.78^2.10) for women. CI1.78^2.10) for women.
Conclusions Conclusions The association between
The association between prolactin-raising antipsychotic medication prolactin-raising antipsychotic medication and hip fracture may have serious and hip fracture may have serious implications for public health. Mental implications for public health.Mental health service patients may require health service patients may require preventive measures including dietary and preventive measures including dietary and lifestyle advice. lifestyle advice.
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, with approximately half of that figure relatwith approximately half of that figure relating to schizophrenia. The identification of ing to schizophrenia. The identification of schizophrenia as a risk factor for osteoschizophrenia as a risk factor for osteoporosis would therefore have important porosis would therefore have important public health implications. public health implications.
Hip fracture is the most important fracHip fracture is the most important fracture in terms of patient morbidity and ture in terms of patient morbidity and mortality and for utilisation of health sermortality and for utilisation of health service resources (Cumming vice resources (Cumming et al et al, 1997). As , 1997). As fracture is common in the older population, fracture is common in the older population, a small increase in the risk of fracture assoa small increase in the risk of fracture associated with psychotic disorders could have ciated with psychotic disorders could have a considerable public health effect. We a considerable public health effect. We therefore chose to investigate whether there therefore chose to investigate whether there was an association between schizophrenia was an association between schizophrenia and hip fractures, using a case-control and hip fractures, using a case-control study design with data from a UK primary study design with data from a UK primary care data-set, the General Practice Research care data-set, the General Practice Research Database (GPRD). Our hypothesis was that Database (GPRD). Our hypothesis was that patients with a history of schizophrenia patients with a history of schizophrenia would have a significantly increased risk would have a significantly increased risk of antipsychotic-induced osteoporotic hip of antipsychotic-induced osteoporotic hip fractures compared with a control group fractures compared with a control group matched for age and general practice. matched for age and general practice.
METHOD METHOD

Data source Data source
The GPRD was set up in the UK in 1987 The GPRD was set up in the UK in 1987 and contains the computerised medical reand contains the computerised medical records of approximately 5% of the UK cords of approximately 5% of the UK population in primary care ( For statistical efficiency a 1:1 ratio of cases For statistical efficiency a 1:1 ratio of cases to controls is ideal when the number of to controls is ideal when the number of cases can be chosen. In our study, since cases can be chosen. In our study, since the number of cases was limited, the numthe number of cases was limited, the number of controls was increased to two per ber of controls was increased to two per case in order to achieve adequate power. case in order to achieve adequate power. Each case was assigned a date of diagnosis, Each case was assigned a date of diagnosis, defined as the date of the first hip fracture, defined as the date of the first hip fracture, and matching control individuals were and matching control individuals were assigned an identical 'pseudo' date of assigned an identical 'pseudo' date of diagnosis. Only records that were up to diagnosis. Only records that were up to research standard were used. research standard were used.
Variables included the patients' medical Variables included the patients' medical and psychiatric history, medication history and psychiatric history, medication history and demographic details, as well as lifestyle and demographic details, as well as lifestyle factors (alcohol consumption, smoking and factors (alcohol consumption, smoking and body mass index). All recorded diagnoses body mass index). All recorded diagnoses of schizophrenia were extracted and reof schizophrenia were extracted and recorded for each case and control on an corded for each case and control on an ever/never basis. Ever having had a preever/never basis. Ever having had a prescription for a neuroleptic drug prior to or scription for a neuroleptic drug prior to or on the day of the first fracture was exon the day of the first fracture was extracted and recorded. Where comorbid distracted and recorded. Where comorbid disorders were examined all disorders under orders were examined all disorders under the main relevant ICD-9 heading were the main relevant ICD-9 heading were included e.g. 'intestinal diseases' includes included e.g. 'intestinal diseases' includes all diseases under this heading in ICD-9 all diseases under this heading in ICD-9 (World Health Organization, 1978). To (World Health Organization, 1978) . To enable all the data to be used, a category enable all the data to be used, a category 'missing' was created for each variable 'missing' was created for each variable where needed. Imputation would have where needed. Imputation would have added no extra information, since all the added no extra information, since all the variables available to make imputations variables available to make imputations were already included in the analysis. were already included in the analysis.
Variables that had been previously Variables that had been previously identified in the research literature as being identified in the research literature as being significantly associated with hip fracture significantly associated with hip fracture were examined in univariate analyses and were examined in univariate analyses and those that were significantly associated in those that were significantly associated in this analysis were selected for multivariate this analysis were selected for multivariate analysis. Conditional logistic regression analysis. Conditional logistic regression was used to calculate an unadjusted odds was used to calculate an unadjusted odds ratio for each selected variable. The selratio for each selected variable. The selected variables were added one by one into ected variables were added one by one into bivariate models to identify potential conbivariate models to identify potential confounders with the schizophrenia diagnosis founders with the schizophrenia diagnosis variable and to see how much, if at all, they variable and to see how much, if at all, they reduced or increased the odds ratio obreduced or increased the odds ratio obtained with the schizophrenia diagnosis tained with the schizophrenia diagnosis variable alone. A multivariable model was variable alone. A multivariable model was fitted using conditional logistic regression fitted using conditional logistic regression in a forward stepwise process using likeliin a forward stepwise process using likelihood ratio tests. Variables that had become hood ratio tests. Variables that had become non-significant were removed and again the non-significant were removed and again the fit of the model was tested. By including fit of the model was tested. By including interaction terms, gender and age at the interaction terms, gender and age at the time of the first fracture were tested to time of the first fracture were tested to assess for modification of the effect of the assess for modification of the effect of the schizophrenia diagnosis and of ever having schizophrenia diagnosis and of ever having had a prescription for neuroleptic medihad a prescription for neuroleptic medication on the incidence of hip fracture. cation on the incidence of hip fracture.
Ethical approval was granted by the Ethical approval was granted by the Scientific Advisory and Ethical Group at Scientific Advisory and Ethical Group at the Medicines Control Agency, who are rethe Medicines Control Agency, who are responsible for ethical issues for all projects sponsible for ethical issues for all projects using the GPRD. using the GPRD.
RESULTS RESULTS
There were 16 341 cases of hip fracture and There were 16 341 cases of hip fracture and 29 889 controls. There were two controls 29 889 controls. There were two controls per case for 13 548 of the cases and one per case for 13 548 of the cases and one control per case for the remaining 2793. control per case for the remaining 2793. The mean age of the cases and controls at The mean age of the cases and controls at the time of first fracture was 79 years the time of first fracture was 79 years (s. Table 1 . Medication with heparin was considered for inclusion with heparin was considered for inclusion in the analysis, but this was ruled out as in the analysis, but this was ruled out as only 8 cases and 5 controls were exposed only 8 cases and 5 controls were exposed to this drug. Fitting bivariate models for to this drug. Fitting bivariate models for each of these variables along with the each of these variables along with the schizophrenia variable identified only one schizophrenia variable identified only one having a substantial effect on the odds ratio having a substantial effect on the odds ratio attached to schizophrenia diagnosis, attached to schizophrenia diagnosis, namely having ever had a prescription for namely having ever had a prescription for 13 0 13 0 AUTHOR'S PROOF AUTHOR'S PROOF a neuroleptic. There was a significant assoa neuroleptic. There was a significant association between having had more than one ciation between having had more than one fall and hip fracture (OR fall and hip fracture (OR¼3.79, 95% CI 3.79, 95% CI 3.43-4.19). However, this was considered 3.43-4.19). However, this was considered to be potentially on the causal pathway beto be potentially on the causal pathway between schizophrenia diagnosis (and subsetween schizophrenia diagnosis (and subsequent neuroleptic medication prescription) quent neuroleptic medication prescription) and hip fracture, assuming such an associaand hip fracture, assuming such an association exists, and consequently was not intion exists, and consequently was not included in further analysis. cluded in further analysis.
Although schizophrenia was signifiAlthough schizophrenia was significantly associated with hip fractures in the cantly associated with hip fractures in the univariate analysis, this association was univariate analysis, this association was not significant when antipsychotic medinot significant when antipsychotic medication was added to a multivariate model cation was added to a multivariate model as a potential confounder. A significant inas a potential confounder. A significant interaction was found between gender and teraction was found between gender and having ever had a prescription for neurolephaving ever had a prescription for neuroleptic medication ( tic medication (w w (Table 2 ) and men (Table 3) . for women (Table 2 ) and men (Table 3) . There were some differences between the There were some differences between the two gender-based models. Only in the two gender-based models. Only in the female model were diseases of the urinary female model were diseases of the urinary system, having ever had inhaled corticosystem, having ever had inhaled corticosteroids and diseases of the ear and mastoid steroids and diseases of the ear and mastoid process found to be significant. Only in the process found to be significant. Only in the male model were alcohol consumption male model were alcohol consumption above recommended levels and diseases of above recommended levels and diseases of the intestines and peritoneum found to be the intestines and peritoneum found to be significant. significant.
Dementia had been diagnosed in 3461 Dementia had been diagnosed in 3461 patients of this data-set -1815 (11%) cases patients of this data-set -1815 (11%) cases and 1646 (6%) controls; and 1646 (6%) controls; w w 2 2 ¼478.36, 478.36, d.f. d.f.¼1, 1, P P5 50.01. Antipsychotic medication 0.01. Antipsychotic medication could have been prescribed for behavioural could have been prescribed for behavioural disturbance in dementia, so patients receivdisturbance in dementia, so patients receiving such medication were excluded and the ing such medication were excluded and the analyses repeated: this made negligible difanalyses repeated: this made negligible difference to any result (further details availference to any result (further details available from the authors upon request). The able from the authors upon request). The analyses were repeated using the 'cluster' analyses were repeated using the 'cluster' option in Stata, but there was no evidence option in Stata, but there was no evidence of clustering of fractures by general practice of clustering of fractures by general practice (further information available from the (further information available from the authors upon request). authors upon request).
There was also a significant interaction There was also a significant interaction between age at the time of the first fracture between age at the time of the first fracture (categorised) and having ever had a (categorised) and having ever had a prescription for neuroleptic medication prescription for neuroleptic medication ( (w w . Odds ratios were cal-95% CI 1.51-2.99). Odds ratios were calculated for each of the individual neuroculated for each of the individual neuroleptic medications which went to make up leptic medications which went to make up the combined neuroleptic variable, and are the combined neuroleptic variable, and are presented in Table 4 . Also included here presented in Table 4 . Also included here are figures for prochlorperazine, which was are figures for prochlorperazine, which was not included as part of the combined neuronot included as part of the combined neuroleptic variable as it was felt that this might leptic variable as it was felt that this might have been used largely as an anti-emetic. have been used largely as an anti-emetic. Atypical antipsychotic medications (which Atypical antipsychotic medications (which were only prescribed in the last few years were only prescribed in the last few years of this data-set), were also considered sepaof this data-set), were also considered separately, as there were too few prescribed to rately, as there were too few prescribed to include in a combined antipsychotic variable, include in a combined antipsychotic variable, and odds ratios for these are also presented. and odds ratios for these are also presented.
DISCUSSION DISCUSSION
We found an independent significant We found an independent significant association between hip fracture and association between hip fracture and prolactin-raising antipsychotic medications prolactin-raising antipsychotic medications used prior to the index fracture. The used prior to the index fracture. The relationship between schizophrenia and relationship between schizophrenia and hip fracture was confounded by neurolephip fracture was confounded by neuroleptics, and the relationship therefore appears tics, and the relationship therefore appears to be owing to the effect of neuroleptics to be owing to the effect of neuroleptics rather than diagnosis rather than diagnosis per se per se. There is . There is increasing increasing evidence that long-term antievidence that long-term antipsychoticpsychotic-induced hyperprolactinaemia is induced hyperprolactinaemia is associated with bone mineral density loss associated with bone mineral density loss which appears to be mediated by secondary which appears to be mediated by secondary hypogonadism ( of the neck of femur or hip fracture. A of the neck of femur or hip fracture. A history of neuroleptic use was found to be history of neuroleptic use was found to be the most significant predictor of an the most significant predictor of an increased risk of hip fracture, with the increased risk of hip fracture, with the exception of being underweight. exception of being underweight.
A number of recent studies have indi-A number of recent studies have indicated that low bone mineral density is cated that low bone mineral density is highly prevalent in people with a chronic highly prevalent in people with a chronic psychiatric disorder treated with prolactinpsychiatric disorder treated with prolactinraising antipsychotic medication receptors were associated with increased receptors were associated with increased rates of both hyperprolactinaemia and bone rates of both hyperprolactinaemia and bone mineral density loss. However, possibly mineral density loss. However, possibly because of a lack of research into the secondbecause of a lack of research into the secondary consequences of antipsychotic-induced ary consequences of antipsychotic-induced hyperprolactinaemia, the World Health hyperprolactinaemia, the World Health Organization does not include antipsychotic Organization does not include antipsychotic drugs in its list of prescribed drugs associated drugs in its list of prescribed drugs associated with the development of osteoporosis. with the development of osteoporosis.
Although postmenopausal women are Although postmenopausal women are generally most at risk of osteoporosis, generally most at risk of osteoporosis, possibly owing to low serum oestradiol possibly owing to low serum oestradiol concentrations (Cummings concentrations (Cummings et al et al, 1998), , 1998), we found a higher risk of fracture associwe found a higher risk of fracture associated with neuroleptic medication in men. ated with neuroleptic medication in men. This result is in agreement with several This result is in agreement with several studies of psychiatric patients, which found studies of psychiatric patients, which found significantly lower bone mineral density significantly lower bone mineral density in men than women associated with in men than women associated with neuroleptic use ( . These gender differences may be owing to the age differences ences may be owing to the age differences in onset of schizophrenia (Hafner in onset of schizophrenia (Hafner et al et al, , 1998): men have an age at onset approxi-1998): men have an age at onset approximately 5 years mately 5 years younger than that in younger than that in women, and illnesswomen, and illness-related factors includrelated factors including medication will therefore have had a ing medication will therefore have had a longer-lasting impact on male patients. An longer-lasting impact on male patients. An alternative explanation suggested by Humalternative explanation suggested by Hummer & Huber (2004) mer & Huber (2004) is that women with is that women with schizophrenia take better care of themselves schizophrenia take better care of themselves with regard to adequate nutrition and exerwith regard to adequate nutrition and exercise than men and therefore have less osteocise than men and therefore have less osteoporosis. Unfortunately the data are not porosis. Unfortunately the data are not available here to test either hypothesis. available here to test either hypothesis.
There are a number of other known risk There are a number of other known risk factors for osteoporosis among patients factors for osteoporosis among patients with schizophrenia which may be acting with schizophrenia which may be acting as confounders here, including inadequate as confounders here, including inadequate exercise and exposure to sunshine, poor exercise and exposure to sunshine, poor nutrition, cigarette smoking and polydipsia nutrition, cigarette smoking and polydipsia (Naidoo (Naidoo et al  et al, 2003) . Of these, only , 2003). Of these, only smoking could be controlled for in this smoking could be controlled for in this analysis and was found to be a significant analysis and was found to be a significant factor, but the association was not as strong factor, but the association was not as strong as with neuroleptic medication. Other as with neuroleptic medication. Other mechanisms may also be relevant in causing mechanisms may also be relevant in causing hip fracture: for example, neuroleptic hip fracture: for example, neuroleptic medications are known to cause sedation, medications are known to cause sedation, orthostatic hypotension and extrapyramiorthostatic hypotension and extrapyramidal side-effects, which may predispose some dal side-effects, which may predispose some patients on these treatments to falls (Misra patients on these treatments to falls (Misra et al  et al, 2004) .
, 2004). We used the GPRD, a large UK primary We used the GPRD, a large UK primary care data-set, which provided one of the care data-set, which provided one of the largest data-sets of hip fracture. Like other largest data-sets of hip fracture. Like other studies, we found an increased risk of hip studies, we found an increased risk of hip fracture to be associated with smoking fracture to be associated with smoking 
Limitations of the study Limitations of the study
Although using a large, nationally represenAlthough using a large, nationally representative database provides important data tative database provides important data from a large sample, detailed clinical inforfrom a large sample, detailed clinical information is less available than in smaller mation is less available than in smaller studies. Diagnostic categories found on studies. Diagnostic categories found on the GPRD are not operationalised and are the GPRD are not operationalised and are therefore unlikely to be exactly the same therefore unlikely to be exactly the same as those found in research or psychiatric as those found in research or psychiatric practice, and information such as bone practice, and information such as bone mineral density is not available. Lifestyle mineral density is not available. Lifestyle variables (body mass index, smoking and variables (body mass index, smoking and alcohol intake) are recorded optionally alcohol intake) are recorded optionally and were missing in a significant number and were missing in a significant number of cases and controls. We created a 'missof cases and controls. We created a 'missing' category to enable us to use these fields ing' category to enable us to use these fields in the analysis. Residual confounding is in the analysis. Residual confounding is therefore possible. Some prescribing of neutherefore possible. Some prescribing of neuroleptics occurs in secondary care only and roleptics occurs in secondary care only and information on secondary care prescripinformation on secondary care prescriptions was not available. For this reason detions was not available. For this reason details of dosages of antipsychotic medication tails of dosages of antipsychotic medication over time were not reliable, and we cateover time were not reliable, and we categorised neuroleptic exposure as a dichotogorised neuroleptic exposure as a dichotomous variable (ever/never); some patients mous variable (ever/never); some patients might not have received large doses of antimight not have received large doses of antipsychotics, and if this were the case the psychotics, and if this were the case the relationship between antipsychotic medirelationship between antipsychotic medication might be owing to mechanisms such cation might be owing to mechanisms such as falls, rather than secondary to hyperproas falls, rather than secondary to hyperprolactinaemia. In addition, we could not lactinaemia. In addition, we could not 13 2 13 2 AUTHOR'S PROOF AUTHOR'S PROOF examine the effect of atypical antipsychotic examine the effect of atypical antipsychotic medications because too few patients had medications because too few patients had been prescribed them on the GPRD during been prescribed them on the GPRD during the exposure period, nor could we examine the exposure period, nor could we examine the effect of individual neuroleptic drugs in the effect of individual neuroleptic drugs in a multivariable analysis as there was insufa multivariable analysis as there was insufficient statistical power. Larger, more upficient statistical power. Larger, more upto-date data-sets could address these issues to-date data-sets could address these issues in the future. in the future. Although case-control studies are Although case-control studies are prone to bias, one advantage of using a prone to bias, one advantage of using a data-set such as the GPRD is that the two data-set such as the GPRD is that the two major biases in this type of study -selection major biases in this type of study -selection and recall bias -should be minimised by and recall bias -should be minimised by the prospective collection of data by generthe prospective collection of data by general practitioners. Reverse causation is al practitioners. Reverse causation is normally a possible explanation in casenormally a possible explanation in casecontrol studies; this possibility should have control studies; this possibility should have been excluded here by looking at exposure been excluded here by looking at exposure prior to the occurrence of the first fracture. prior to the occurrence of the first fracture. These findings should also be generalisable. These findings should also be generalisable.
This study found significant evidence of This study found significant evidence of an association between a diagnosis of an association between a diagnosis of schizophrenia and hip fracture, which schizophrenia and hip fracture, which appeared to be partly explained by neuroappeared to be partly explained by neuroleptic medication. This adds to the growing leptic medication. This adds to the growing body of evidence of an association between body of evidence of an association between neuroleptic medication and bone mineral neuroleptic medication and bone mineral density loss. , 2004) . If this is the case this has serious 2004). If this is the case this has serious public health implications, because the papublic health implications, because the patients who have taken long-term neuroleptients who have taken long-term neuroleptic medications are precisely those patients tic medications are precisely those patients who are probably not being screened for oswho are probably not being screened for osteoporosis. The evidence base for routinely teoporosis. The evidence base for routinely screening patients prescribed neuroleptics is screening patients prescribed neuroleptics is not available at present and clinicians urnot available at present and clinicians urgently need more data on who is at highest gently need more data on who is at highest risk and when (we do not yet know risk and when (we do not yet know whether psychiatric patients are most at whether psychiatric patients are most at risk of developing osteoporosis after antirisk of developing osteoporosis after antipsychotic medication is initiated, or after psychotic medication is initiated, or after dose-dependent long-term exposure). Randose-dependent long-term exposure). Randomised controlled trials of interventions domised controlled trials of interventions to prevent fractures in these patients would to prevent fractures in these patients would enable more effective prophylaxis to be enable more effective prophylaxis to be provided by mental health services and by provided by mental health services and by primary care. However, if our findings are primary care. However, if our findings are replicated, preventive measures should replicated, preventive measures should become part of the treat become part of the treatment of patients ment of patients taking long-term prolactintaking long-term prolactin-raising antiraising antipsychotic drugs and may include advice to psychotic drugs and may include advice to patients about the importance of a balanced patients about the importance of a balanced diet containing sufficient amounts of diet containing sufficient amounts of calcium and vitamin D, regular weightcalcium and vitamin D, regular weightbearing exercise, avoidance of tobacco, bearing exercise, avoidance of tobacco, caffeine and alcohol, and sufficient caffeine and alcohol, and sufficient exposure to sunlight. exposure to sunlight. 
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